In this study, novel furan substituted dihydrofuran compounds were synthesized by the radical addition of 1,3-dicarbonyl compounds to 1,1-and 1,2-disubstituted alkenes using manganese(III) acetate in HOAc. It is observed that 1,1-disubstituted alkenes gave better yields whereas 1,2-disubstituted alkenes gave moderate yields. Besides, 1,2-disubstituted alkenes gave us cisisomers whereas trifluoromethylated 1,3-dicarbonyl compounds with 1,2-disubstituted alkenes gave us trans-isomers of dihydrofuran determined by NOSY spectra.
Introduction
During the past decades manganese(III) acetate is used as one-electron oxidant for the formation of C-C bonds in free-radical chemistry. 1 Radical precursors such as carboxylic acids, malonates, ketones, 1,3-diketones, and β-keto esters treated with manganese(III) acetate undergo inter-and intramolecular cyclization for the formation of furans, 2 dihydrofurans, 3 lactones, 4 and lactams. 5 In addition, manganese(III) acetate-promoted addition reactions have been applied to the synthesis of natural products, such as pheromones. 6 Previously, we have reported the formation of furan 7 and dihydrofuran [8] [9] [10] derivatives resulting in the radical additions with alkenes and alkynes. 4-Hydrocoumarins, 2-hydroxy-1,4-naphtoquinones 11 and 3-oxopropanenitriles 12 have been used as enolizable compounds. Also, 3-cyanodihydrofurans synthesized by our group has shown anti-bacterial and anti-fungal activities. 13 In this study, aiming the synthesis of the 2-furyl substituted dihydrofuran compounds (3a-e, 4a-d, 5a-d) was used as 1,1-and 1,2-disubstituted alkenes with 1,3-dicarbonyl compounds
Results and Discussion
In our previous studies, we published radical addition reactions of 1,1-and 1,2-disubstituted alkenes with various 1,3-dicarbonyl compounds. It is observed that a single carbocation center is formed with 1,1-disubstituted alkenes while two possible carbocation centers are formed with 1,2-disubstituted alkenes.
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Scheme 1. Reaction mechanism for the formation of 2-furyl substituted 4,5-dihydrofurans.
Reaction mechanism proposed for radical addition reactions was depicted in Scheme 1. According to the mechanism, interaction of Mn(OAc) 3 
Conclusions
Consequently, radical addition reactions of 1,3-dicarbonyl compounds with 1,1-and 1,2-disubstituted alkenes were investigated in this study in the presence of manganese(III) acetate, it is observed that the highest yields were observed with 1,1-disubstituted alkene 2a. However, synand anti-products mixture and acetoxy substituted alkene products obtained from the reaction of 2b with ethylacetoacetate (1b). Thus, due to the strained structure of the cyclic 1,3-carbonyl compounds 1c-e, only one cis-isomers of the products was obtained in the radical cyclization reaction of 2b. On the other hand, on the contrary to the results with the reactions of alkene 2b, trans-isomers were obtained in the reaction of trifluoromethylated-1,3-dicarbonyl compounds with various 1,2-disubstituted alkenes (2c and 2d).
Experimental Section
General.
, and 4,4,4-trifluoro-1-(2-naphthyl)butane-1,3-dione (1g) are commercially available products and all were used as 1,
, and 1-methoxy-4-[(1E)-1-propenyl]benzene (2e) were prepared as described in the literature. 10, [20] [21] [22] [23] [24] Manganese(III) acetate dihydrate (98%) was prepared using an electrochemical method according to the literature. 25 All compounds were purified through column chromatography or preparative TLC and characterized by IR, 1 H-NMR, 13 C-NMR, 19 F-NMR, HMBC, NOSY, LC/MS, and microanalysis. Melting points were determined using a Gallenkamp capillary melting point apparatus. IR spectra (KBr disc) were obtained with a Matson 1000 FTIR spectrometer in the 400-4000 cm -1 range with 4cm -1 resolution. 1 H-NMR, 13 C-NMR and 19 F-NMR spectra were recorded on a Bruker DPX-400 MHz High Performance Digital FT-NMR spectrometer. The mass spectra were measured on a Micromass UK Platform II spectrophotometer. Element analyses were performed on a Leco 932 CHNS-O instrument.
General procedure for the synthesis of dihydrofurans. Manganese(III) acetate dihydrate (0.83 g, 3 mmol) in 20 mL of glacial HOAc was heated under nitrogen atmosphere to 80 ºC until it dissolved. Thereafter the solution was cooled to 60 ºC, a solution of 1,3-dicarbonyl compound (2 mmol) and alkene (1 mmol) in 5 mL HOAc was added to this mixture. The reaction was completed when the initial dark brown color of the solution had changed to red. H 2 O (20 mL) was added and the mixture extracted with CHCl 3 (3x20 mL). The combined organic phases were neutralized with saturated NaHCO 3 solution, dried over anhydrous Na 2 SO 4 and then evaporated. Crude products were purified by column chromatography on silica gel or preparative TLC using n-hexane/EtOAc as eluent. 
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